Thermal therapy is frequently used as an adjunct to treatment in patients suffering from chronic low back pain. It is also an inherent part of patients' self-administered pain treatment. This review aims to update the evidence for thermal therapy treatments in non-specific chronic low back pain patients and to rate the methodological quality of the corresponding clinical trials.
Introduction
According to the World Health Organization, chronic pain is a worldwide public health problem [1] . It is defined as "pain lasting longer than normal tissue healing time", generally taken to be 12 weeks [2] . In looking at the prevalence of chronic low back pain in US citizens over a period of 14 years, there was a significant increase of about 6.3% with no changes in symptom severity or general health [3] . Chronic pain impairs quality of life, work performance and increases healthcare costs [4] . The socio-economic burden of low back pain has been evaluated by several studies [5] [6] [7] . Approximately 80% of low back pain cases are non-specific, meaning that no definite anatomical structure can be associated with neither the medical history nor the clinical examination [8] . Despite existing recommendations for avoiding chronicity of low back pain [9] , non-specific chronic low back pain (NSCLBP) continues to be increasing in prevalence in both developed and developing countries [10] . Several countries provide corresponding treatment and behaviour guidelines [11] highlighting the benefits of physical activity [12] . Strong evidence exists to encourage chronic low back pain patients to follow an active lifestyle and to assume self-responsibility for their health [13] . Despite conflicting evidence [14] [15] [16] [17] , thermal therapy is applied in practice and by patients themselves as a self-management strategy [18] . Thermal therapy comprises the implementation of any superficial heat or warmth application to the skin via conduction or convection [19] .
Thermal therapy is believed to influence pain [20] , to increase superficial and deep muscle tissue temperature and blood flow [21] affecting muscle nerve conduction velocity [22] . Electrophysical agents generate heat within the tissue by means of energy conversion (e.g. ultrasound, diathermy) [19] . Allen (2009) stated that "physical agents may serve as useful adjunctive modalities of pain relief or to enhance the effectiveness of other elements in therapy geared toward resolution of movement impairments and restoration of physical function" [15] .
Despite these findings, the European guidelines for the management of NSCLBP (2006) do not consider thermal therapy to be more effective than placebo or other treatments neither to relieve pain, nor to improve functional outcome parameters [17] .
Thus, the authors of this review wanted to update the evidence for thermal therapy applications in patients with NSCLBP with respect to pain reduction and improvement of functional outcome parameters and global health and to rate the methodological quality of the included studies. 
Methods

Research Question
The research question was defined by the PICOS-model [23] 
Literature Search Strategies and Data Sources
An electronic systematic search, according to the guidelines of the PRISMA statement [24] MeSH-proven (Medical Subject Headings) keywords were applied where possible (eAddenda Appendix I). The keywords which best fitted the research question among others were: "low back pain", "heat application", "hot packs", "thermal therapy", "warmth application". The keywords representing the thermal therapy application were always combined with "AND" and "low back pain" ( Table 1 ). The a priori set inclusion criteria were: 1) RCT, CCT, CT, 2) English full-text availability, 3) participants of 18 years or older diagnosed with NSCLBP, 4) control intervention of any treatment including placebo/sham without using thermal therapy, 5) outcome parameters comprising pain ratings and/or physical function and/or global health. The rationale for inclusion of these outcome variables was comparability. After screening and processing all the articles found (n = 164), a total of n = 9 articles was included in the final data analysis. Figure 1 shows the flow-chart of the selection process.
Data Extraction and Quality Assessment
The methodological quality of the studies was assessed using the 11-item
PEDro scale [25] [26] and the Cochrane Risk of Bias Tool (ROB) [27] . Two researchers (SW, RS) rated independently from each other the n = 9 studies. In case of disagreement or doubt consensus was reached by a third investigator (EH). For trials which PEDro scores were originally listed on the PEDro website (https://www.pedro.org.au/) [26] , the presented PEDro score was used. The data extraction was performed in the same manner. Data on study design, participants, intervention method, assessment and each outcome parameter were split into corresponding columns on spreadsheets to extract relevant data. The accepted level of significance was set at alpha < 0.05. The between-group difference results were extracted following the completion of the whole treatment in order to observe the overall effect of the specified thermal therapy versus the control intervention.
Results
Total PEDro Score and Risk of Bias Analysis
The total PEDro scores (eAddenda Appendix II) of the included studies were in line with the Risk of Bias results. Four of the included studies did a follow-up measurement, out of them n = 3 one month after the end of treatment [31] [32] [36] and n = 1 after six months post treatment [33] .
The studies comprised a wide range of assessment tools to rate the outcome parameters: pain was assessed by the visual analog scale (VAS) [30] 
Treatment Effects on Outcome Parameters
Out of n = 6 studies on ultrasound treatment [28] - [33] a significant within and between-group pain reduction was reported by n = 2 studies, compared to exercise training alone (p = 0.012) [30] or to manipulation treatment (p = 0.001) [33] . of which all reported flexion mobility with n = 1 study including lateral flexion [28] and n = 3 studies evaluating extension mobility [28] [31] [33] . Three studies reported significant within-group ROM improvements in flexion [29] [30] [33] for both the intervention and the control group. None of the n = 6 studies showed significant between-group results. Out of the n = 3 studies on extension ROM, n = 2 showed significant within-group results [28] [33], none of them found significant between-group results in favour of ultrasound treatment compared to placebo ultrasound treatment [28] or manipulation treatment [33] .
Right lateral flexion ROM increased significantly within and between the placebo and ultrasound group (p = 0.04, p = 0.032, respectively), whereas left lateral flexion ROM significantly improved within-group (p = 0.04) [28] . 6MWT results, evaluated by n = 1 study, were significant for within and between-groups (p = 0.001, p = 0.024, respectively) [30] . Questionnaire outcomes were used in n = 6 studies [28] - [33] . The FRI score was significant within the placebo and treatment groups, no data on between-group results were mentioned [28] . The time reported significant within-group results for the ultrasound group and manipulative control group and significant between-group results (p = 0.001) in favour of manipulation treatment [33] . The SF-36 subscale items showed significant within-group differences for all items (p = 0.001) [29] [30] with significant between-group results for "physical function" (p = 0.009) [29] , "social function" (p = 0.016) [29] and "physical function" (p = 0.021) [30] , "pain" (p = 0.046) [30] and the placebo group [35] . Non-significant between-group results for microwave diathermy combined with exercise versus exercise alone (p = 0.496) were mentioned [36] . Trunk mobility in flexion showed no significant difference between the microwave diathermy and exercise group compared to the exercise group alone (p > 0.05) [36] , as well as for 6MWT performance and all reported questionnaire outcomes (p > 0.05) [36] .
Discussion
The aim of this systematic review was to assess the evidence for the use of thermal therapy in NSCLBP patients on pain and physical outcome parameters and to evaluate the methodological quality of the corresponding studies.
Evidence for Thermal Therapy
Despite the search strategy no studies on heat wraps, hot or mud packs fulfilled the inclusion criteria. To evaluate solely the thermal effect of local interventions, unbiased by water pressure or whole-body thermal applications and its physiological reactions, balneo/spa therapy was deliberately omitted as a keyword.
However, several clinical trials showed positive short and long-term effects for balneo therapy in CLBP patients on pain, quality of life and physical function [37] [38].
The findings of this review, for a fraction of electrophysical agents only (continuous ultrasound, short-wave diathermy and microwave diathermy), was that all observed treatment interventions except microwave diathermy [36] significantly improved pain symptoms, with only two studies documenting the intake of oral pain killers [34] [35] . The ineffectiveness of microwave diathermy on pain relief is supported by a study on non-specific chronic neck pain patients [39] . The significant improvement in pain between the groups was underpinned by the SF-36 subscale items physical function, pain and energy [30] . The SF-36
subscale items "physical function, social function, energy" may be positively affected by thermal therapy applied by means of electrophysical agents, of which ultrasound treatment may be superior to diathermy application. Surprisingly, mental health and general health were unaffected by pain reduction [30] . However, control group results showed significant pain reduction over time, limiting the positive effect of any electrophysical treatment for NSCLBP on pain. Supporting this finding, Koldas et al. (2008) reported significant improvements in global health and disability questionnaire results rather than pain reduction for physical therapy intervention group (hot pack, ultrasound and TENS) compared to home exercise alone [40] .
The included studies demonstrated that trunk mobility in the frontal and sagittal planes was indeed reduced in NSCBLP patients but improved independently of treatment, supporting the guidelines' recommendations to remain physically active, rather than applying thermal therapy [12] [41]. Additionally, NSCLBP patients attained walking distances comparable to healthy subjects [42] , assum- at functional and quality of life improvements instead [44] .
All ultrasound studies applied continuous mode to ensure a thermal effect.
Unfortunately, there was a wide heterogeneity in the reported ultrasound settings, although existing literature on ultrasound modalities and corresponding heat rates in specific depths for muscle and connective tissue exist [45] [46] [47] [48]. The participants' characteristic between the studies was heterogenic in terms of being symptomatic with NSCLBP for a period ranging from 3 months to 12 years. To presume that the duration of symptoms may negatively affect treatment outcomes cannot be supported since even the control groups showed improvement in the assessed outcome parameters.
Methodological Quality
The mean methodological quality of the included studies did not attain the total 
Limitations and Future Research
Conclusion
In line with previous findings [16] [17], this review included recently published studies reaffirmed the contradictory evidence for thermal therapy on NSCLBP.
Only electrophysical treatment methods fulfilled the inclusion criteria. Little evidence for direct post treatment pain reduction exists for continuous ultrasound treatment of 10 minutes' duration, three days per week for 6 weeks, and and advice should be sought [52] . Although the effect of thermal therapy has been described in literature [19] , as applied by means of electrophysical agents (continuous ultrasound, short-wave and microwave diathermy), the authors conclude that there is only marginal evidence to support its application in patients with NSCLBP. Legend. + = criteria fulfilled, − = criteria not fulfilled.
